UNCLASSIFIED 


in  409  309 


DEFENSE  DOCUMENTATION  CENTER 

FOR 

SCIENTIFIC  AND  TECHNICAL  INFORMATION 

CAMERON  STATION.  ALEXANDRIA.  VIRGINIA 


UNCLASSIFIED 


NOTICE:  When  government  or  other  drivings,  speci¬ 
fications  or  other  data  are  used  for  any  purpose 
other  than  in  connection  vlth  a  definitely  related 
government  procurement  operation,  the  U.  S. 
Government  thereby  incurs  no  responsibility,  nor  any 
obligation  whatsoever;  and  the  fact  that  the  Govern¬ 
ment  may  have  formulated,  furnished,  or  in  any  way 
supplied  the  said  drawings,  specifications,  or  other 
data  is  not  to  be  regarded  by  impli cation  or  other- 
vise  as  in  any  manner  licensing  the  bolder  or  any 
other  person  or  corporation,  or  conveying  any  rights 
or  pemi8sion  to  manufacture,  use  or  sell  any- 
patented.  invention  that  may  in  any  way  be  related 
thereto. 


CATALOGED  BY  DDC  409309 


FTD-TT* 


409  309 


TRANSLATION 


USB  OF  TRAlfSISTORS  FOB  CONVEBTIHO 
DIRECT  CUHREW 


Tu.  K.  ZakharoT 


FOREIGN  TECHNOLOGY 
DIVISION 


AIR  FORCE  SYSTEMS  COMMAND 


WRIGHT-PATTERSON  AIR  FORCE  BASE 


OHIO 


DDC 

2GDP.PP  nr^j 

JUL  2  2  1963 

3l^L_jU  l /  iSl 
TISIA  D 


FTD-TT-  79/1+2 


UNEDITED  ROUGH  DRAFT  TRANSLATION 


USE  OP  TRANSISTORS  FOR  CONVERTING  DIRECT  CURRENT 
BT*  Tu.  K.  Zakharov 
English  Pages t  12 

SOURCE*  Russian  Book,  Poluprovodnikovyys  Pribory  I 

Ikh  Primeneniye, Moscow,  (Collection  of  Articles), 
Nr,  4,  I960,  pp  298—307 


(Ref.  In)  S/194-61-0-4 


THIS  TRANSLATION  IS  A  RENDITION  OP  THE  ORIOI* 

NAL  FOREION  TEXT  WITHOUT  ANY  ANALYTICAL  OR 

EDITORIAL  COMMENT.  STATEMENTS  OR  THEORIES 

PREPARED  ITi 

$ 

ADVOCATEDORIMPLIEDARETHOSEOFTHE  SOURCE 

AND  DO  NOT  NECESSARILY  :< SELECT  THE  POSITION 

TRANSLATION  DIVISION 

OR  OPINION  OF  THE  FOREIGN  TECHNOLOGY  D U 

FOREIGN  TECHNOLOGY  DIVISION 

VISION* 

WP-AFB,  OHIO. 

FTD-TT-  63-179/1*2 

Oat* 1 »»  19 43 

B 


ust  or  "ransistors  tor  cownw  dirto*  cdrrrr* 


*7 

Tu.  *.  ZaVharov 

la  the  Article  there  are  presented  experimental  material  on  the  use  of 
transistors  for  converting  direct  current* 

At  the  oreseat  time  vide  use  is  made  o*  the  conversion  of  DC  on  transis¬ 
tors,  This  is  explained  by  the  fact  that  such  converters  have  a  substantial 
advantage  over  vibration  and  electrical-machine  converters,  Among  these  ad¬ 
vantages  one  can  cite: 

a)  higher  deoendabi tity  in  operation  and  a  longer  perior  of  service  due 
to  the  Absence  of  mechanical  contacts  and  moving  n arts; 

b)  possibility  of  effecting  conversion  to  frequencies  of  from  some  hund¬ 
reds  of  cpr  up  to  five  to  ten  thousand  cjs,  which  m*»>es  it  nossible  *o  de¬ 
crease  sharply  the  dimensions  and  weight  of  the  transformers  and  smoothing 
filters: 

c)  in  most  systems  higher  efficiency  (of  the  order  of  70  to  904). 

d)  higher  stability  as  ag*in*t  the  action  o*  climatic  and  mechanical 
factors. 

At  the  oreaent  time  there  have  been  developed  converters  o#  DC  with  a 
current  of  some  units  of  watt«  uo  to  hundreds  of  watts  onto  an  output 

volta.-e  of  from  1*5  to  ??  v,  Resides,  on  the  transistors  one  c*n  aceomolis* 
the  conversion  of  AC  with  very  high  efficiency. 

In  the  conversion  of  DC  one  uses  only  flat  triodes  which  haw*  little  cutout 
resistance  in  the  o~en  system  (in  saturation)  and  great  resistance  in  the 
closed  system  and  *-hich  allow  for  commutation  of  ouite  strong  currents.  The$a 
requirements  are  satisfied  by  triodss  FI*  P*4*  P?01— P203«  the  newly  developed 
powerful  triodes  of  the  type  P207--P210  rut  out  by  the  national  lndust^. 


i 


Kxnerierlenc#  In  the  development  and  experimental  researc hes  show  that 
dependable  operation  of  converters  can  bo  assured  only  with  *  correct  of 
working  with  the  triolet. 

It  It  necessary  that  the  femnerature  of  the  monocrystal  of  germanium  as 
well  a®  the  reTerse  voltage  applied  to  the  electron-hoie-tyne  transits  doe* 

not  exceed  the  permissible  limit  values. 

determined 

The  temperature  of  the  triode  it  by  t>e  temperature  of  the 

surrounding  medium,  the  power  distributable  in  the  triode,  and  the  effective¬ 
ness  of  Its  cooling. 

Taking  into  consideration  that,  the  apparatus  can  work  at  a  given  level 
of  temperature  of  the  surrounding  air,  and  that  Die  permissible  limit  of 
temperature  for  the  crystal  of  germanium  le  to  90°C  one  c*n  determine  the 
permissible  overheating. 

The  power  dissipatable  in  the  triodes  in  working  in  the  system  of  a 
converter  of  DC  is  made  up  of  the  following  components: 

losses  brought  about  by  the  output  resistance  of  the  tricde  in  the  system 
of  saturation,  which  do  not  exceed  0.5  to  0.6  v  for  triodes  PU* 

losses  occasioned  by  the  inertia  of  the  resorption  by  the  current  car¬ 
riers  in  the  triode  and  the  nonrect angular  form  of  the  curve  of  the  voltare 
on  the  windings  of  the  transformer,  called  Junction  losses  which  depend  on 
the  frequency  properties  of  the  triode  and  the  system  of  its  connecting  up, 
as  well  as  on  the  method  of  accomplishing  the  feedback  (for  the  convertors 
with  autcexcltatlon); 

losses  conditioned  on  t.he  current  through  the  collector  transit  o*  the 
triode  during  the  period  of  operation  when  it  is  closed.  These  losses  de¬ 
pend  on  the  value  of  the  zero  current  of  the  collector  of  ihe  triode  and  th* 
feed  voltage,  and  in  triodes  of  the  type  ♦hey  a*y  amount  to  0,3  to  0.5  vj 
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losses  from  the  current  through  base  of  the  triode,  not  coin*  hleher 
than  0,3  v.  4 

The  total  power  ditsipatsble  in  the  triode  in  operating  in  the  circuit 
of  a  converter  can  amount  to  1  or  2  vt#  which  lead®  to  th*  need  for  applying 
additional  heat  drainage  in  the  form  of  copper  or  dural  plates  and  cylindrical 
radiator*.  In  a  nunber  of  instance®  of  conducting  away  heat  there  le  need 
the  frame  of  the  unit.  In  this  case  to  ineulat.e  tv*  triod*®  *rom  the  *ra*e 
there  it  u®ed  mica  of  a  thicVnec®  of  0.1  to  0.0J  mm  or  other  insulating  film 
material  a. 

In  connection  with  the  fact  that  the  triode  should  operate  in  a  very 
broad  range  of  temperature  experiment®  were  conducted  with  the  basic  elec¬ 
trical  parameter®  of  the  triode®  of  the  type  F4  with  change  of  temperature 

'I'he  coefficient  of  am¬ 
plification  of  the  current 
for  the  ®y*tetn  of  a  general 
emitter  on  the  raisin*  of 
the  temperature  from  —5®  to 
4-20°C  dropt  by  20  to  y .nd 
on  further  raising  the  tern- 
ature  to  4-90°C  it  drop®  insignificantly  (by  5  to  ?%). 

In  agreement  with  the  lowering  of  the  coefficient  of  amplification  with 
the  raising  of  the  temperature  ther*  is  an  increase  in  the  dropping  of  the 
voltage  on  the  triode  in  the  system  of  saturation. 

The  sero  current  of  the  collector  Junction  of  the  triode  on  the  raising 
of  the  temperature  increases  sharply  reaching  at  a  te^^r^ture  of  4-HO  to 
4-90°C  on  the  average  5  fo  10  s®,  while  tha  factor  of  the  chance  in  the  sero 


of  the  frame  of  from  — 50  to  +90°C. 


fig.  1.  Diagram  shoving  the  principles  of  the 
unit  for  measuring  the  puncture  voltage  of 

f 

the  triode 
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current  drone  with  the  increase  in  the  voltaee  applied  to  the  eo^eetor 
Junction. 

For  example,  the  factor  of  increase  in  the  zero  current  o*  th»  collector 
with  a  voltage  of  $0  v  in  the  interval  of  temperature  of  -f-20  to  -f90°C  doe* 
not  exceed  3  to  5. 


mhe  powerful  triode*  tut  out  at  the  Present  time  of  the  type  Fh,  a*  prac¬ 
tice  ha*  shown  in  their  u*e#  require  additional  ch*cVing  #or  the  limiting 
allowable  collector  voltage,  Th*  existing  procedure  of  classification  of 
triode*  in  accordance  with  reverse  current  doe*  not  enable  one  to  assure 
high  dependability  in  the  functioning  of  triode*  at  voltage*  close  to  *he 
limit  of  the  permissible,  In  thi*  connection  recently  there  ha*  been  awlied 
a  procedure  of  classification  by  the  puncture  collector  voltaee  in  the  scheme 
presented  in  Fig.  1. 

The  puncture  voltage  1*  determined  with  the  aid  of  an  osrillocrenh  and  a 
voltmeter  in  accordance  with  the  sharp  bend  in  tha  voltmeter  characteristic 


In  the  c*g»  o*  ♦ha  aimlicatlon 
of  the  triode*  In  two-cycle  circuit* 
and  #or  assuring  stability  o*  *he 
functioning  in  parallel  connecting 
it  is  feasible  to  introduce  the 


of  the  collector  Junction  (Fie.  21. 
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Fig.  2.  Voltmeter  characteristic  o*  the 


of  the  collector  Junction  of  the  triode 

classification  of  triode*  by  the 

•teepnes*  of  the  Junction  characteristic  $  (dependence  of  B^x  =  f(r^>t 
can  be  determined  in  accordance  with  the  formula 

S  =  lY» 


V^bx  — ^iri 

where  1^  is  the  amplitude  of  the  collector  current  of  the  triode, 

TT|*  is  the  voltage  on  the  input  of  tha  triode  (AC), 

1*  the  threshold  voltage  p  —  n  of  the  Junction,  which  ♦‘or  the  existing 
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triode*  can  be  taken  to  be  of  the  order  of  0.2?  to  0.3  ▼. 

Tor  measuring  the  steepness  of  5  ©no  can  use  the  circuit  presented  in 
?ig.  a  or  the  ordinary  or  the  ordinary  scheme  for  taV$ng  the  statistical 
characteristic*  of  the  triode*. 

One  can  show  that  the  steepness  of  S  1*  determined  by  the  coefficient 
of  the  amplification  b  In  the  intut  resistance,  which  wake®  it  possiVe  to 
pick  out  by  one  parameter  the  triode*  for  the  two-cycle  system  and  for 
parallel  connecting. 

In  this  connection  for  all  the  triode*  developed  and  put  out  at  the  ^res¬ 
ent  time  it  1*  feasible  to  introduce  the  classification  by  the  staeprrese  of 
the  Junction  characteristic  of  the  triode. 

Let  us  consider  the  circuits  cf  the  converters  of  AC.  "be  sin** e-cycle 
circuit*  of  the  converters  (Tie.  k)  found  atmlicatlon  for  the  conversion  o* 

However,  as  investigations 
have  shown,  they  can  be 
successfully  used  a*  so  for 
the  conversion  o#  consid¬ 
erably  greater  power. 

In  single-cycle  cir-~ 
cults  there  are  possible 
two  methods  of  connectlnc 
the  diode  in  the  circuit  of 
the  secondary  winding  — 
in  the  direct  or  reverse  direction.  In  the  direct  connecting  of  the  diode thare 
16  current  in  the  secondary  winding  when  the  triode  1*  closed.  In  the  opera-' 
tion  of  converters  with  these  methods  o*  eonn*ctlne  the  diode  there  is  sub¬ 
stantial  difference. 


relative  small  nowers  (of  the  order  o#  ?  to  u  v). 


Tig.  3*  Drawing  showing  the  ^principle  of  the 
setup  for  measuring  the  Steepness  of  the  Junc¬ 
tion  characteristic  of  the  triode 
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Table 


In  the  circuit  with  the  re. 
verse  connection  o*  th*  diode  tb« 
power  trsneaitted  to  th*  load  is 
determined  by  that,  magnetic  energy 
which  accumulates  In  the  Inactiv¬ 
ity  of  the  transformer  in  t>e 
course  of  *lme  when  ♦he  trlode  1* 
onen. 

The  julse  of  the  input  cur¬ 
rant  of  the  converter  for  such  a  circuit  hae  a  triangular  form.  'Hie  form  of 
the  rails  e  of  the  input  current  and  the  maximum  value  for  the  collector  cur^ 
rent  permissible  for  a  given  type  of  triode  determine  that  magnetic  energy 
which  accumulated  in  the  inductivity. 


Input  vol¬ 
tage,  ▼ 

Efficien¬ 
cy,  % 

Power  Pn,  v,  with 

diode  closed 

reverse 

direct 

2.6 

60 

1.7 

3.5 

6.8 

70 

3.8 

6.6 

6.0 

70 

6.6 

9.? 

12 

-80 

9.6 

18 

26 

80 

12.5 

25 

In  the  circuit  with  the  direct 
connection  of  the  diode  the  current 
in  the  secondary  winding  flows  during 
that  period  of  time  when  the  trlode 
is  open. 

In  this  case  the  form  o*  the 
pulse  Uf  the  primary  current  will  he 
nearly  rectangular,  as  a  result  of 
which  the  power  which  may  be  con¬ 
verted  with  the  aid  at  such  a  sys¬ 
tem  will  he  twice  as  great  as  the 
power  which  can  he  converted  with 
the  aid  of  a  circuit  with  reverse 
connection  of  the  diode* 


•) 


Tig,  fc,  Diagram  showing  urlnclniea  ©*’  cir¬ 
cuit  of  single-cycle  converters  of  AC  with 
different  ways  o#  connecting  the  trlodet 


a)  with  the  common  emitter,  h)  with  the 
common  collector 
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In  the  table  there  are  presented  the  computed  values  o*  ♦he  po ver  on  the 
output  of  the  converter  (P3)  for  the  two  scheme*  of  connecting  the  diode 
while  using  one  triode  of  the  type  Fk  (Iy^  r  ?.S  arro,  TV*,  -  qn  ▼  ). 

It  le  necessary  to  note  tvat  In  the  scheme  with  th*  direct,  connection 
of  the  diode  for  assuring  a  determined  porosity  of  the  pulse  o#  the  input  cur¬ 
rent  and  limiting  of  the  amount  of  the  voltage  on  the  windings  o*  the  trans¬ 
former  in  the  nonoperating  part  of  the  pertod  ther*  is  used  a  blorkinr  capac¬ 
itance  C$n  (Tig.  4). 

One  should  also  note  that  with  low  input  voltage*  the  single-cycle  cir¬ 
cuits  enable  one  to  make  use  of  triodes  more  effectively  than  In  tbe  two-cycle 
circuits*  This  is  explained  by  the  fact  that  the  triode  can  operate,  both 
with  the  maximum  collector  current  and  with  quite  Mgh  collector  voltare,  In¬ 
dependently  of  the  amount  of  Incut  voltage. 

The  widest  application  is  being  made  at  the  present  time  of  converters 
of  DC  assembled  with  the  two-cycle  circuits*  both,  with  self-ei-citation  ant 
with  a  master  oscillator. 

The  two-cycle  circuits  enable  one  to  accomplish  the  conversion -with  tbs 
highest  efficiency  (?0  to  90^).  In  the  two-cycle  *ysfe«s  tv*re  is  assured 
good  use  of  the  transformer,  and  its  dimensions  will  be  less  than  with  the 
same  power  using  *he  single-cycle  system* 

In  Fir.  5  there  are  presented  the  most  widely  used  schemes  of  converters 
of  DC.  In  connection  with  the  fact  that  in  using  systems  with  a  common 
emitter  (Tig.  5#  *)  ordinarily  it  is  necessary  to  insulate  the  triodes  and 
their  radiators  from  the  frame  of  the  unit  it  Is  to  the  point  to  use  cir¬ 
cuits  with  a  common  *  lector  (Tig.  5,  b),  or  with  a  common  emitter  and 
united  collators  (Tie.  5,  c),  which  enable  one  to  fasten  the  t.riodes  direct¬ 
ly  to  the  frame  of  the  unit,  and,  consequently,  to  assure  t.he  greats*  effect- 
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Ivan*, a  in  thalr  cooling.  In  thalr  electrical  characteristic*  the  converter* 
designed  in  accordance  with  the  circuita  in  ?ig.  5.  h  and  c,  practically  do 
not  differ  fron  the  coneertera  designed  in  the  system  with  a  common  emitter 
{Tig.  5 .  *). 

Practical  interest  it  afforded  by  the  two-cycle  sy* tew  of  converter 
with  tht  connecting  of  the  triodet  on  the  scheme  of  a  common  base  and  join¬ 
ing  of  the  collectors  (Pic.  5*  4).  It  it  feasible  to  use  th*  scheme  beinc 
considered  for  master  oscillators  since  it  enables  one  to  assure  hich  der*nd- 
ability  of  the  worsting  of  the  trlodes  with  raised  feed  voltage  (2?  to  10  v), 
high  stability  of  the  working  parts*  and  sufficiently  cood  rectangularly  o* 
the  curve  of  voltAge  on  the  windings  of  the  transformer* 

Without  dwelling  on  the  principle  of  the  operation  we  win  tou^h  some 
problems  in  the  practical  application  of  practical  application  of  converters 
on  the  two  cycle  system.  The  most  important  problems  in  the  development  of 
converters  of  DC  are:  choice  of  the  frequency  of  the  current,  the  core  of  the 
transformer,  and  the  mode  of  its  operation*  and  the  system  of  the  working  of 
the  trlodes  and  ways  of  conneetinc  them* 

The  choice  of  the  frequency  is  made  with  consideration  for  the  minimum 
•ffect  of  radio  interference, created  by  the  converter,  on  the  ermaratus,  and 
also  with  a  view  to  obtaining  the  maximum  eff icience  and  minimum  weight  of  the 
converter* 

In  using  converters  in  an  apparatus  of  communication  it  is  feasible  to 
select  the  frequency  either  below  300  cps  or  higher  than  2.0  Vcps*  One 
should  note  that  with  a  frequency  of  two  or  three  Wcps  the  efficiency  of  the 
converters  begins  to  go  down  noticeably  as  a  result  of  the  increase  in  the 
relative  magnitude  of  the  junction  losses  in  t.riodes.  At  the  present  time 
there  are  ways  projected  for  lowering  the  Junction  losses  in  the  trlodes  by^ 
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Fig,  5*  Diagrams  showing  the  orin- 
ciples  of  the  'circuits  of  the  two- 
cycle  converters  of  voltage  with 
different  methods  of  connecting 
the  triodees 
a— with  common  emitter* 
b—  with  common  collector, 
c— with  common  emitter  and  Joined 
collectors, 

d— with  common  base  and  joined  col¬ 
lectors 


connecting  there  on  a  scheme  with  a  common  base,  and  also  through  the  use 
of  the  feedback  on  the  current,  which  enables  one  to  raise  the  voicing  fre¬ 
quency  above  2  to  3  kens  while  keeping  the  hi  eh  efficiency  (above  *0%). 

It  is  very  important  for  obtaining  high  efficiency  in  a  converter  to 
choose  correctly  the  system  of  working  of  the  transformer.  It  is  advanta¬ 
geous  in  transformers  to  use  taps  cores  from  steel  KhTP  of  a  thickness  e* 
0,08  to  0,05  mm.  It  Is  v-ry  suitable  as  core  material  to  use  permalloy  m«- 
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terlals  with  a  rectangular  hysteresis  loop*  However,  such  materials  find 
practical  application  only  after  industry  has  taken  over  seriously  the  pro¬ 
duction  of  cores  with  a  rectanfular  hysteresis  loop. 

With  frecuenciee  of  ♦he  order  of  5  to  10  kc^*  one  uses  transformer*  with 
cores  made  of  oxide  of  ferrom^gne* ic  material  with  initial  penetration  factor 
of  the  order  of*  2,000  to  ?,~00#  It  is  moat  feasible  to  use  mangantse-sinc 
oxyfers  (oxides  of  ferromagnetic  material)  which  bare  considerable  ‘stability # at 
temperatures  of  -J-IOC  to  +120°C* 

As  a  result  of  the  nonsimisoidal  quality  of  the  currents  and  the  voltares 
in  the  converters  during  operation  there  arise  radio  disturbances  in  the  spec- 
trun  up  to  30  megaherts,  The  levsl  of  the  voltages  of  the  radio  disturbances 
can  reach  tens  and  hundreds  of  thousands  of  microvolts*  for  suppressing  the 
radio  interference  one  uses  TJ-ehaoed  filters  on  the  inrut  o*  the  converter# 

Ihs  inductivity  of  the  choke  of  the  filter  selected  is  around  ho  to  *0  jjhy 

and  the  capacitance  of  the  capacitors  h  jx$  (it  is  necessary  to  use  oaoer 
capacitors)# 

For  determining  the  performance  of  the  converters  durlne  protracted  'work¬ 
ing  tests  were  made  over  a  period  of  service  of  a  series  of  DC  converters 
with  ambient  temperature  of  the  air  -p?0  and  -J-5D°C.  ^he  result*  of  the 
tests  showed  that  after  that  after  3»0r'n  to  6,000  hours  of  continuous  work 
the  efficiency  and  the  output  power  o*  the  converters  changed  hy  1  to  5<# 

In  connection  with  the  advantages  indicated  above  of  the  DC  converters 

based  on  semiconductor  triodes  (transistors)  it  is  profitable  to  continue 
the  work  for  improvement  of  their  characteristics  in  the  direction  of  oer- 
fec*ing  the  circuits,  raising  t.he  operating  frecuency,  and  the  Using  of 
new  small -dimensioned  uarts* 
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DISTRIBUTION  LIST 


DEPARTMENT  OF  DEFENSE  Nr.  Copies 


HEADQUARTERS  USAF 

AFCIN-3D2 
ARL  (ARB) 


OTHER  AGENCIES 

CIA 

NSA 

DIA 

AID 

OTS 

AEC 

PUS 

NASA 


ARMY  (FSTC)  3 
NAVY  3 
NAFEC  1 
RAND  1 
AFCRL  (CRXLR)  1 


MAJOR  AIR  COMMANDS 

Nr.  Copies 

AFSC 

SCFDD 

1 

DDC 

25 

TDBTL 

5 

TDBDP 

5 

AEDC  (AEY) 

1 

SSD  (SSF) 

2 

APGC  (PGF) 

1 

ESD  (ESY) 

•  1 

RADC  (RAY) 

1 

ASD  (ASYIM) 

2 

AFWL  (WLF) 

1 

AFMTC  (MTW) 

1 

1 

6 

9 

2 

2 

2 

1 

1 
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